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Outline 
Brief history of NDMA in water 
Year Event Reference 
1986 NDMA detected at 5-115 ng·L-1 in Canadian drinking 
water 
Jobb et al., 
1994 
1998 NDMA detected in Californian drinking water well at 
~150 ng·L-1 
CDPH, 2014 
2002 NDMA reported as DBP formed from chloramination of 
DMA 
Choi & 
Valentine, 2002 
2006 OEHHA established PHG for NDMA at 3 ng·L-1 CDPH, 2014 
2009 NDMA reported at 3.3 ng·L−1 on a 75th %ile basis in 
chloraminated finished waters in 11 US WTWs 
Mitch et al., 
2009 
2009 NDMA reported at 11 ng·L−1 on a 75th %ile basis in 
chloraminated effluent from 23 US WWTWs 
Krasner et al., 
2009 
Theory of NDMA formation 
Direct (acid catalysed) nitrosation 
UDMH pathway 
Chlorinated UDMH pathway 
Theory of NDMA formation 
Chlorine and nitrate/nitrite pathway 
Electrophilic substitution (chlorine transfer) 
Oxidative degradation of tertiary to a secondary amine 
Objectives 
 
•Use computational chemistry to generate a range of 
molecular descriptors for previously identified NDMA 
precursors. 
 
•Descriptors were partial charge, planarity, bond length and 
pKa of the DMA nitrogen 
 
•Investigate relationships between these molecular 
descriptors and NDMA formation 
Methods 
Initially collated NDMA yield data from 52 chloramination 
precursors identified in literature. These were classified in six 
categories.  
 
Gaussian09 suite of programmes (unprotonated amine):  
• Structures optimised using B3LYP hybrid functional and 6-31G(d,p) basis 
set in the presence of water 
• Calculations repeated using M062X functional and 6-31G(d,p) basis set 
• Partial charges calculated using CHELPG procedure 
• Bond lengths for (CH3)2N-R and planarity of the DMA moiety (ϑ) obtained 
using GaussView 5.0.9 
 
Jaguar 8.2 by Schrödinger: pKa values predicted 
 
 
Precursor Categories 
Category Structure Example NDMA yield  
(% mol/mol) 
DMA 0.5 – 2.7 (0.8) 
1:  
(CH3)2N-Alkyl-R 
62.9-94.2  
(62.9) 
2: 
(CH3)2N-Aryl 
0.2 
3: 
(CH3)2N-COR 
1.5 
4: 
(CH3)2N-SO2R 
0.1 
5: 
(CH3)2N
+-R2 
 
0.0 
Example of structures from Guassian09  
- 0.503
ϑ
+
Results – DMA and reactive NDMA precursors 
Precursor Structure NDMA 
yield  
(% M/M) 
Partial 
charge 
(M062X) 
Planarity 
(M062X)  
 
Bond 
length 
(M062X) 
pKa 
 
DMA 0.5 – 2.7 
(0.8) -0.761 119.4 1.016 10.7 
DMfurfuryl 50.3 -74.9 
(50.3) -0.432 123 1.455 8.7 
DMBzA 83.8  
-0.263 127.5 1.466 9.3 
DMiPA 83.9  
-0.503 123.1 1.472 10.1 
ranitidine 62.9-94.2 
(62.9) -0.456 123 1.455 8.4 
DMthiophene 49.5 – 77.6 
(49.5) -0.418 122.4 1.457 8.9 
Results: relationship between partial charge (M062X) 
and NDMA formation 
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Results: relationship between planarity (M062X) and 
NDMA formation  
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Results: relationship between pKa and NDMA 
formation  
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Results: correlations between NDMA formation and 
molecular properties 
B3LYP M062X 
  NDMA yield  
(% M/M) 
Partial 
charge 
Planarity Bond 
length 
Partial 
charge 
Planarity Bond 
length 
pKa MW 
B3LYP 
Partial 
charge -0.193                 
Planarity -0.238 0.441               
Bond length 0.123 0.036 -0.416             
M062X 
Partial 
charge -0.147 0.983 0.419 0.058           
Planarity -0.240 0.467 0.996 -0.421 0.445         
Bond length 0.126 0.015 -0.425 0.999 0.038 -0.431       
pKa 0.300 -0.761 -0.803 0.094 -0.736 -0.802 0.111     
MW -0.108 0.003 0.091 0.255 -0.012 0.080 0.251 -0.170   
logKow -0.046 -0.234 0.219 0.054 -0.215 0.192 0.056 -0.225 0.499 
Key Findings 
• Potent NDMA precursors can be defined qualitatively as 
follows: a DMA group linked by an alkyl to an R group, plus a 
relatively high partial charge, low planarity and high pKa on the 
DMA nitrogen.  
 
• Strong correlations between molecular properties and NDMA 
formation do not exist; rather, a subtle interplay of multiple 
variables is important. 
 
•More work is needed to mathematically define NDMA formation 
in terms of molecular properties. 
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